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GROUND PROXIMITY TESTS OF THE 0.03-SCALE MODEL
(45-0) SPACE SHUTTLE ORBITER IN THE ROCKWELL
INTERNATIONAL NAAL LOW SPEED WIND TUNNEL

(04250)

by

R. Mennell, Rockwell International
ABSTRACT

Experimental aerodynamic investigations were conducted on a triple
strut-mounted 0.03-scale representation of the 140A/B (modified) space
shuttle orbiter configuration in the Rockwell International T7.75 x 11.00
foot low speed wind tunnel during the time period from July 1 to July 7,
1977. NASA designation for this test was OA250; facility number was
NAAL TT75.

The primary test objectives were to define orbiter lateral-direc-
tional stability characteristics in ground proximity and to investigate
discrepancies in lateral-directional daté obtained during previous NAAL
tests. In order to accomplish the above objectives, the orbiter model
was mounted at various heights (h/b) above the NAAL ground plane at a
fixed angle of attack (10°) and sideslipped through an angle range of
-5° < B £ 5°. Model h/b heights consisted of 0.20, 0.178, 0.125, 0.10
and 0.075 at elevon deflections of 0° and +5°. For this test period, a
six-component Task internal strain-gaged balance (1.5" MK XIVA) was
utilized to record all aerodynamic force data. No pressure data were
recorded, and all data presented are uncorrected for base pressure effects.
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PLOT

SYMBOL SYMBOL
a
Ca CA
Cp Ccb
CL CL
Cy CBL
Cn CYN
Cx CN
Cn CLM
Cy CY
M MACH
p
q Q(PSF)
RN/L RN/L
Te T
\Y
o ALPHA
g BETA
SBF BDFLAP
8, ATLRON

ELEVON

NOMENCLATURE

DEFINITION

speed of sound; m/sec, ft/sec

forebody axial-force coefficient

drag coefficient

1lift coefficient; lift
coefficien 5

rolling-moment coefficient; rolling moment

gSb
yawing-moment coefficient; Yawing moment
qSb
normal-force coefficient; normalsforce
q
pitching-moment coefficient; pitching moment
o er

side-force coefficient; §igg_§grce
q

Mach number; V/a

pressure, psf

dynamic pressure, psf

unit Reynolds number; per m, per ft
freestream total temperature °R
velocity, ft/sec

angle of attack, degrees

angle of sideslip, degrees

body flap deflection

aileron deflection

deflection of elevons




NOMENCLATURE (Concluded)

PLOT
SYMBOL SYMBOL DEFINITION
XCP/L center of pressure location, percent of
body length, XMRP/LB-(CLM) (LREF)/(CN) (LB)
GR RUDDER rudder deflection
Gsb SPDBRK speedbrake deflection, degrees
Reference and C. G. Definitions
b BREF wing span or reference span; m, ft
c aerodynamic chord; m, ft
2REF LREF reference length or wing mean
S SREF wing area or reference area, ft2
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on Z axis
SUBSCRIPTS
b base
1 local
s static conditions
t total conditions
© freestream
h/b H/B orbiter height over ground plane to

orbiter wing span ratio



CONFIGURATIONS INVESTIGATED

The model utilized for test period OA250 was a 0.03-scale repre-
sentation of the lhOA/B space shuttle orbiter configuration. The basic
model was of the blended wing-body design utilizing a double delta wing
(750/hSQ~A-LE), full span, dual panel elevons (unswept hingeline and 6"
gaps), a centerline vertical tail with rudder and/or speed brake de-
flection capability, a canopy, a body flap, and an orbital maneuvering
system ((MS pods) mounted on the aft fuselage sidewalls adjacent to the
vertical tail. Ianding geaf simulation consisted of both nose and main

landing gear with either full extended or full retracted capability.

The model was constructed primerily of fiberglass with wing panels
of aluminum and consisted of both non~-metric and metric sections. The
model non-metric section was supported by a triple strut structure that
was rigidly hounted tn the test section floor. Each strut consisted of
a threaded rod with a pinned clevis joint allowing variable h/bw settings
to be obtained.

For this test period the following nomenclature was used to designate

the various model components:

Component Description
Bog Orbiter fuselage per Rockwell International

lines VL70-000140A/B

C9 Orbiter canopy per Rockwell International
lines VL70-000140A/B

El3 Orbiter full-span, unswept hingeline, 6"
gapped elevons per Rockwell International
lines VLT70-000200




Component

Fg
G1s
M6
N4
Nag
Rs5

TC19

Wile

Configurations Investigated (Concluded)

Description

Orbiter body flap per Rockwell International
lines VL70-000200

Orbiter landing gear per Rockwell International
lines VL70-000140A/B

Orbiter OMS pods per Rockwell International
lines VL70-000203A

Orbiter main propulsion system nozzles per
Rockwell International lines VL70-000140A

Orbiter OMS nozzles per Rockwell International
lines VL70-000140A

Orbiter rudder per Rockwell International lines
VL70-000146A

Orbiter tail cone fairing per Rockwell
International lines BCD V70-30-330-02

Orbiter vertical tail per Rockwell lines
VL70-000146A (Model Drawing SS-A01360)

Configuration 4, Rockwell International
Drawing No. VL70-000140A, ~000200



TEST FACILITY DESCRIPTION

North American Aerodynamics Laboratory {(NAAL) 7.75 x ll-foot Wind
Tunnel is a continuous flow, closed circuit, single return tunnel capable
of speeds up to 200 miles per hour.

The test section is vented to atmospheric pressure and is 7.T75 feet
high, 11 feet wide, and 12 feet long. Power is supplied by a 1250-horse-
power nacelle-mounted synchronous motor driving a 19-foot, seven-blade,
laminated birch propeller. Airspeed is controlled by using a magnetic
clutch to vary the degree of coupling between the motor and propeller.
Turbulence is minimized by a damping screen and a honeycomb section in
the settling chamber upstream from the contraction cone (ratio 7.53 to 1).

Tests may be conducted using a variety of mounting systems: single
strut, double strut, sting strut, reflection plane, cable suspension, or
two-dimensional wall. Aerodynamic data may be measured by a planar type
external balance system or sting-mounted internal balances. An Astrodata
Automatic Data Acquisition System collects, multiplexes, digitizes, and
records on magnetic tape 50 channels of force or pressure data or both.
Data are then reduced and plotted using automatic data processing equip-
ment and an automatic digital plotter.

The NAAL Wind Tunnel has been operating since June 1943. Calibra-

tions are available over a wide range of test conditions.




DATA REDUCTION

The aerodynamic force data oresented in this report were measured by
the Task Corporation 1.5 inch diameter MK XIVA internal strain gage
balance. Correcfions applied to the aforementioned data consisted of
model tunnel blockage effects on test section dynamic pressure. No
pressure measurements, other than tunne'l para.meters., were recorded and

all data are uncorrected for base pressure effects.
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TABLE I,

TEST ¢« 0QA250 DATE S 7/7/77
TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (per foot) {pounds/sq. inch) {degrees Fahrenheit)
0.20 1.42 x 100/ft. 604/ 2.2 80° — 3 120°F
BALANCE UTILIZED: 1.5" TASK MK XIV A
CAPACITY: ACCURACY: CT%E.EQE:LECET

COMMENTS:

NF
SF
AF
PM
RM
YM

130 1b/gage 0.25%

80 1bv/gage

L0 1b/gage

150 in-1b.

0.25%

0.25%

0.25%

L ———————
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TABLE ITI. MODEL DIMENSIONAL DATA

MODEL CCMPONENT': BODY - Bog

GENERAL DESCRIPTION: Configuration 140A4/B Orbiter fuselage. NOTE: Bog
is identical to B,) except underside of fuselage has been refaired to
accept Wy;4.

MODEL SCALE: 9.030 MODEL DRAWING: SS-AOO1lL4T. Release 12

DRAWING NUMBER: VL72-000143B, -010200, -900205, -006089, -N001k45,
VLT0-0001404, -0001LOB

DIMFNSIONS: FULL SCALE MODEL SCALF
Length (OML: Fwd. Sta. X5 = 235); In. 1293.3 38.799
Length (IML: Fwd. Sta. X = 238), In. 1290.3 38.709
Max Width (@ X, = 1528.3), In. 26L4.0 74920
Max Depth (@ X, = 156L), In. 250.00 T.500
Fineness Ratio 0.264 0.26L
Area - th

Max. Cross-Sectional 34).88 0.3068
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL CQMPONENT: CAROPY - Cg

GENERAL DESCRIPTION: Configuration 3A. Canopy used with fuselage

Bog -

MODEL SCALE: 9.030 MODEL DRAWING: SS-ADV147. Release 12

DRAWING NUMBER:

DIMENSIONS : FULL SCALE  MODEL SCALE
Length (X, = 434.643 to 578), In. 143.357 k.301
Max Width (@X, = 513.127), In. 152.412 4.572

Max Depth (@X, = 485.0), In. 25.90 0.759

15



TABLE III, MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: SLOTTED ELEVON (6-inch map) - Eh3

GENERAL DESCRIPTION: Configuration 140A/B orbiter elevon. NOTE: Elg
is a slotted version of E,g. Data are for one side.

MODEL SCALE: 0.039

DRAWING NUMBER: VLT70-000200, -006089, -006092

" DIMENSIONS: FULL SCALE MODEL SCALE
Area, Ft° 210.00 0.189
Span (equivalent), In. 349.2 10. 476
Inb'd equivalent chord, In. 118.004 3,540
Outb'd equivalent chord, In. 55.192 1.656

| Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.2096 0.2096
At Outb'd equiv. chord 0.400k 0, 40ook

Sweep Back Angles, degrees

Leading Edge , 0.7 .00

Trailing Edge -10.056 -10.056

Hingeline 0.00 0.00
Area Moment (Product of Area & ), Ft3 1587.25 0,043
Mean Aerodynamic Chord, In. ©90.7 2.721

16



TABLE III. MODEL DIMENSIOWAL DATA (Continued)

MODEL CQvPONENT'S BODY FILAP - Fg
GENERAL DESCRIPTION: Configuration lhOA/B orbiter body flav.

Hingeline located at X, = 1528.3, Zg = 28L4.3

MODEL SCALE: 0.030 MODEL DRAWING: S3-A0014T. Release 12

DRAWING NUMBER: VLT0-N001k0A, -0n0145

DIMENSIONS: FULL SCALE  MODEL SCALE
Length (X, = 1520 to X, = 1613), In. 93.970 2.79
Max Width, In. 262,20 7.86
Max Depth (@ = 1520), In. 23.00 0.69

Fineness Ratio

Area - th
Planform 150,525 2,406
Base L I n.113

17



TABLE III. MODEL DIMENSIONAL DATA (Conmtinued)

MODEL COMPONENT: G5
GENERAL DESCRIPTION: Main and nose landing gear door and struts,
MODEL SCALE: 0.03

DRAWING NUMBER: VLT0-000140/SS-A00149

DIMENSIONS: FULL SCALE MODEL SCALE
NOSE GEAR:
No. Wheels 2 2
Wheel axis:
Fuselage Station, In. 3Th.Th1 11.242
Waterline, In. 221.506 6.645
Pivot axis:
Fuselage Station 375.506 11.265
Waterline 298.000 8.940
Strut diameter, In. T.716 0.231
Wheel diameter, In. 32.000 0.960
Wheel Width, In. 8.790 0,264
Wheel Centerline-to-centerline width, In. 22,000 0.660
Side door:
Height (follows body contour), In. 18.518 0.556
leading Edge location, F.S. 272.049 8.161
Prailing Edge location, F.S. 381.926 11.458

MAIN GEAR (Two Struts):

No. of wheels (per strut) 2 2
Wheel axis:

Fuselage Station, In. 1171.086 35.133

Waterline, In. 175.432 5.263
Pivot axis:

Fuselage Station, In. , 1180.000 35.400

Waterline, In. 283,012 8.490
Main Strut Diameter, In. 9.568 0.287
Wheel Diameter, In. hy, 198 1.326
Wheel Width, In. 16.0k9 0.481
Wheel centerline-to-centerline width, In. 36.000 1.080
Side door:

Length, In. 148.148 b, hhh

Width, Im. 61.728 1.852

18



TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL CCMPONENT' MS POD - Myg

GENERAL DESCRIPTION: Configuration 14OC orbiter OMS pod - short pod.

MODEL SCALE: 0,030
DRAWING NUMBER: VLT70-008401. -008410

DIMENSICNS s

Length ((MS Fwd. Sta. X, = 1310.5). In.

Max Width (@X, = 1511), In.
Max Depth (@€Xo = 1511), In.
Fineness Ratio

Area -~ Ft2

Max Cross-Sectional

19

FULL SCALE  MODEL SCALE
258.50 T.755
136.8 L. 1ok

Th. T 2.2
2.48k 2.484
58. 864 0.153



TABLE III. MODEL DIMENSICHAL DATA (Continued)

MODEL CCOMPONENT: ' MPS NOZZLES - N,

GENERAL DESCRIPTION: Configuration 140A/B orbiter MPS nozzles

MODEL SCALE: 0.030 MODEL DRAWING: SS-AOO147, Release 12

DRAWING NUMBER: VL70-0050304, -000140A

DIMENSIONS: FULL SCALE MODEL SCALE
MACH NO.
Length - In.
Gimbal Point to FExit Plane 157.0 k.71
Throat to Exit Plane 99.2 2.976
Diameter - In.
Exit 91.00 2.73
Area - Ft2
Exit 45,17 0.0k0T7

Gimbal Point (Station) - In.
Upper Nozzle

X 1445, 43.35

Y 0 0

Z 443,00 13.29
Lowver Nozzles

X . ' 1468.17 hh.0L5

Y +53.00 +1.59

Z 342.64 10.279

Null Position - Deg.
Upper Nozzle

Pitch 16 16

Yaw 0 0
Lower Nozzle

Pitch 10 10

Yaw 3.5 3.5

20




TABLE III.

MODEL CQMPONENT':

OMS NOZZLES - Nog

MODEL DIMENSIONAL DATA (Continued)

GENERAL DESCRIPTION: Configuration 140A/B orbiter (MS nozzles:

MODEL SCALE: 0,030

DRAWING NUMBER: VLT0-000140OA (Location)

DIMENSIONS:

MACH NO.

Gimbal Point (Station), In.

Left Rozzles
Xo
Yo
Zo

Right Nozzles
Xo
Yo
Zo
Null Position - Deg.
Left Nozzles

Pitch
Yaw

Right Rozzles
Pitch ‘
Yaw

$S-A00106, Release 5 (Contour)

FULL SCALE MODEL SCALE

1518.0 L5.54
-88.0 -2.65
492.0 14.76

1518.0 4s.5k

88.0 2.64
492.0 14,76
15°L49" 15949
12017 12017!
1549 15049
12017 12017




TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: RUDDER - R5

GENERAL DESCRIPTION: Configuration 14OC orbiter rudder (identical to
Configuration 14OA/B rudder)
MODEL SCALE: 0.030

DRAWING NUMBER: VLT0-0001L46B, -000095

DIMENSIONS: FULL SCAILE MODEL SCALE
Area, Ft2 100.15 0,090
Span (equivalent), In. 201.00 6.030
Inb'd equivalent chord, In. 91.585 2.7h8
Outb'd equivalent chord, In. 50.833 1.525

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.400 0.400
At Outb'd equiv. chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge 34.83 34,83

Trailing Edge 26.25 26.25

Hingeline 34.83 34.83
Area Moment (Product of area & ¥), Ft3 610.92 0.0165
Mean Aerodynamic Chord, In. T73.2 2,196

22



TABLE I1la. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: Tailcone - TC19

GENERAL DESCRIPTION: Afterbody tailcone used with body B26 to simulate

the orbiter ferry configuration.

23

SCALE MODEL = .03
SS-A01681
DRAWING NUMBER: VL70-30-330-02
DIMENSIONS: FULL SCALE  MODEL SCALE
Length (TE @ X, 1900), in. 459.3 13.779
Max. Width (Xg 1523), in. 303 9.090
Max. Depth (X, 1466), in. 286 8.380
Area, ft2
Max. Cross-Sectional (X, 1523) 504.6 .Ol5k
Frontal 469.9 0.423




TABLE ITI. MODEL DIMENSIONAL DATA

MODEL COMPONENT': VERTICAL - Vg

GENERAL DESCRIPTION: Configuration 140C orbiter vertical tail

(Identical to configuration 140A/B vertical tail).

MODEL SCALE: 0,030

DRAWING NUMBER: VYL70-000140C, ~-000146B

DIMENSIONS:

TOTAL DATA
Area (Theo.), £t°
Planform

Span (Theo.), in.
Aspect Ratio
Rate of Tafer
Taper Ratio

Sweep Back Angles, degrees
Leading Edrse
Trailing Edge
0.25 Element Line

Chords:
Root (Theo.) WP
Tip (Theo.) WP
MAC
Fus. Sta. of .25 MAC
W.P, of .25 MAC
B.L. of .25 MAC

Airfoll Section
Leading Wedgze Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge Radius
Void Area

Blanketed Area

FULL SCALE MODEL SCALE

413.253 0.372
315,72 9.2
1.675° 1,675
0.507 0,507
0.0k 0.40L
45,000 45,000
26.25 26.25
41.13 k1,13
268.50 8.055
108. L7 3.254
199.81 5.994
1463.35 43,901
635,52 19.066
0.0 0.0
10.00 10.00
14,92 14.92
3.00 0.060
13,17 0.0019

24



TABLE III. MODEL DIMENSIONAL DATA (Concluded)
MODEL: COMPONENT': . WING-W116
GENERAL DESCRIPTION: Configuration 4. NOTE: Identical to Wyjl except
airfoil thickness. Dihedral angle is along trailing edge of wing.

MODEL SCALE: 0.030 DRAWING NO.: VLT0O-0001k40A, -000200

DIMENSIONS: FULL SCALE MODEY, SCALE
TOTAL DATA
Avea (Theo.), ft2
Planform , 2690.00 2.421
Span (Theo.), in. 936.68 28.10
Aspect Ratio 2.265 2.265
Rate of Taper 1.177 1177
Taper Ratio 0.200 0.200
Dihedral Angle, degrees 3.500 3.500
Incidence Angle, degrees 0.500 0.500
Aerodynamic Twist, degrees 3.000 3.000
Sweep Back Angles, degrees
Leading Edge 4s5.000 45.000
Trailing Edge - 10.056 - 10.056
0.25 Element Line 35.209 35.209
Chords:
Root (Theo.) B.P.0.0. 689.24 20.6TT
Tip, (Theo.) B.P. 137.85 4,136
MAC b7k, 81 1k,2hh
Fus. Sta. of .25 MAC 1136.83 34,105
W.P. of .25 MAC 290.58 8.717
B.L. of .25 MAC 182.13 5.46M
EXPOSED DATA
Area (Theo.), ft2 1751.50 1.576
Span, (Theo.), in. BP108 720.68 21.420
Aspect Ratio _ 2.059 2.059
Taper Ratio 0.245 0.245
Chords .
Root BP108 562.09 16.863
Tip 1.00 b/2 137.85 4,136
MAC 392.83 11.785
Fus. Sta. of .25 MAC © 1185.98 35.579
W.P. of .25 MAC 294,30 8.829
B.L. of .25 MAC - 251.77 7.553
Airfoil Section (Rockwell Mod NASA) XXXX-64
Root b/2 = 0.113 0.113
Tip b/2 = 0.120. 0.120
Data for (1) of (2) Sides
leading Edoe Cuff
Planform Area, ft° 113.18 0.102
Leading Edge Intersects Fus M.I. @ Sta 500.00 15.00
leading Edge Intersects Wing @ Sta 102k,00 30.72
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Positive Aero Forces. Hinge
Deflection of Angle and Moments ‘lomgnt
Rudder, or +8 , -¥ +Cy , -C, .chr
Elevon, L -a, -0 -Cpy “Che
Right, & - - -C
g eR_ ¢ C! heR
Left, 3e; +d +C, -CheL
Aileron, 8a +d +C,
Body Flap, Bpf -a , -0 -Cqy “Chpe
b. Control Surface Deflections

Figure 1. Concluded.
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a.

b.

NAAL Installation, Three-Quarter Front View
Gonf‘*‘gur?*.ion B26 CQ Gls M16 F8 w116 Eh?) V8 RS '1’019

NAAL T7T7S.2

NAAL Installation. Rear View Configuration
Bog Co G15 M16 F8 W116 Ey3 V8 RS €10
Figure 3. Model vhotographs.
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d.

NAAL Installation, Side View Configuration
Bog Cg Gy5 Myg Fg Wy16 Euz Vg Rg TChq

NAAL 775-3

NAAL Installation, Front View Configuratinon
Bog Cg Gy5 Mg Fg Wi Eug Vg Bs Thg
Figure 3. Concluded.
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APPENDIX

Tabulated Source Data

Tabulations of plotted data are avallable on request from Data Management

, ‘ Services.
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